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Baden,1989). The objective of this study was to
develop a rapid, single column technique to
separate CTX from MTX in crude dinoflagellate
extracts. This would expedite identifying G.
toxicus clones which produce high levels of CTX
congeners in mass culture.

MATERIALS AND METHODS

STOCK CULTURES

Isolation procedure for clonal cultures fol-
lowed Babinchak et al. (1986). Stock cultures of
clonal strains of Gambierdiscus toxicus (Table 1)
were maintained at 27°C under an illumination of
3040unEM 25! and a 16:8 hour light:dark cycle
without aeration. Illumination was provided from
above by a 50:50 mixture of Cool White (North
American Phillips Lighting Corp.) and Vita-Lite
(Duro-Test Corp.) fluorescent bulbs. K medium
(Keller et al.,1987), an enriched seawater
medium used in all culturing, was modified by
eliminating CuSOs, Tris buffer, silica and using
ES vitamin concentrations (Guillard & Keller,
1984). Seawater was collected from a saltwater
well in Vero Beach, FL, (Florida Institute of
Technology field station). The seawater (35-36
%/00) was filtered through 0.45pm cartridge filters
into sanitized polycarbonate carboys and
refrigerated in the dark. The seawater was
autoclaved in 10 litre borosilicate glass bottles.
The vitamin mixtures and enrichments for K
medium were prepared in concentrated stocks,
filter-sterilized and autoclaved respectively, and
stored frozen. The enrichment and vitamins were
added aseptically to autoclaved seawater which
was then used immediately for culturing. G.
toxicus clones were harvested by filtration
through 12pm polycarbonate membranes,
washed 3 times with sterile seawater and inocu-
lated at 200-300 cells/ml into 2.8 litre Fernbach
flasks containing 1 litre of medium. Stock cul-
tures of G. roxicus were harvested for transfers
and mass culture inoculum at 1014 days.

MAss CULTURE

Twenty-nine clones (Table 1) were selected for
mass culture. Micro-carrier spinner flasks (Bellco
Glass, Inc.), designed for suspension cell culture
systems, were selected as mass culture vessels.
The 8 litre model was of a design, wide mouth
with two access ports, and weight that could be
easily handled and cleaned. The maximal work-
ing volume of these flasks for dinoflagellate cul-
ture was increased to 12 litre. Magnetic stirring
units (Bellco Glass, Inc.), designed for gentle
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agitation, maintained a stirring speed of 20 RPM.
Shelving units accommodated 6 culture vessels
and stirrers and provided illumination from above
with 4ft Vita-Lite fluorescent bulbs, and from
behind with 2ft Cool White fluorescent bulbs at
40pEM2S! using a 16:8 hour light:dark cycle.
Two shelving units were installed in each of two
walk-in environmental rooms (1800 cu. ft. and
600 cu. ft.). These rooms were maintained at 27°C
and provided space for 24 culture vessels. Vessels
were inoculated at a concentration of 500-1000
washed cells/ml. Air was supplied at 1 litre min!
by Whisper 800 aquarium air pumps (Willinger
Bros., Inc.) and filtered through AQ microfiber
disposable filter tubes, (Balston Filter Products).
Aeration was initiated after 10-14 days incuba-
tion and bubbled into the culture vessels through
sterile plastic air diffusers, (Lee’s Aquarium
Products).

HARVESTING PROCEDURE

Harvesting the micro-carrier spinner flasks re-
quired minimal handling of the vessels. After
21-28 days of incubation, the stirring and aera-
tion apparatus wcre removcd, the flask swirled
and a 10ml sample taken for determining cell
counts. The cells were allowed to settle and the
supematant removed with a pcristaltic pump and
filtered through a 142mm stainless filtcr holder
(43pm polyester membrane, Spectrum Medical
Industries, Inc.). The settled cells from all the
vessels were combined and collected on a 43pum
polyester membrane in a 90mm glass filter holder
which produced a cake of wet cells. The cells
were stored frozen at -20 or -90°C until extracted
for toxin content.

CELL COUNTS

Cell counts on individual micro-carrier flasks
were determined at harvest using natural
chlorophyll autofluorescence and direct
epifluorescence microscopy. Duplicate 0.5ml
volumes of each micro-carrier sample were col-
lected on 5um black polycarbonate membranes
and observed at 320x on a video display monitor.
A Leitz Dialux 20 microscope was used,
equipped with a 150W xenon lamp, fluorescence
vertical illuminator, KG1 heat filter, BG23 blue
filter and a Leitz 12 filter block. Twelve fields or
aminimum of 400 cells per sample were counted.

PREPARATION OF CTX STANDARD

A 150g (wet weight) sample of clone MQ2 was
disruptcd in 100% methanol at 0°C with a Tekmar
500 watt sonic disrupter and filtered through a
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Table 1. Gambierdiscus toxicus Culture Collectiont,
National Marine Fisheries Service, Charleston

Laboratory

CLONE ORIGIN ISOLATOR
*CI03, *CI04, | Grand Cayman Is. Babinchak
*CI05, CIO8,
CI109, C110, Cl112,
CI13, CI14, CI15,
*CI16, *C118
CZ2,CZ3,CZA |Cozumel, Mexico Babinchak
MQl, *MQ2 Martinque Babinchak
GO03, *G05, Guam Babinchak
#G06, *G15,
*G16, *G17
#G02, Palau Babinchak
*GO1, G20, *G23 [ Pohnpel, FSM Babinchak
*MR-1 Moorea Babinchak
*TOIB, *TO2B, Tabhiti Babinchak
#TO3B, *T(4B,
*T11B, *TI5B
*TOlL, Tabhiti Bagnis
*AUS-1 Australia Bomber
SBO1, SBO3, St. Barthelemy | Durand-Clement
SB0O4
*T04 Tabhiti Durand-Clement
*HIT-10, Tahiti Legrand
*HIT-25
#TP125B Dry Tortugas Tomas
*T39 Hawaii Withers

* Clones successfully mass cultured in micro-carrier
system

# Clones not successful in mass culture

1G. toxicus clones isolated by Babinchak are available
from NMFS

0.22pmpolycarbonate membrane. This crude ex-
tract was first fractionated on a G-10 Sephadex
size exclusion column (0.5m x 3.8cmi.d.), using
gravity flow with a 100% methanol mobile-
phase. The Sephadex CTX fraction, as deter-
mined by PbTx competition assay, was further
fractionated on a C18 (30pum particle size)
reverse phase silica column (1.5m x 3.8cm i.d.).
The sequence of elution solvents was 100%
water, 50%, 25%, 12% and 6% water:methanol
using gravity flow.

IATROBEAD FRACTIONATION

A crude extract of 5g (wet weight) from each
of 6 MQ2, T04, G15, Hit25, G17 and T11B)
mass cultured G. roxicus clones was prcpared as
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for the CTX standard. The methanol extract was
evaporated to dryness and taken up to a final
volume of 5-10ml chloroform. This solution was
introduced to a Michel-Miller column (350mm x
40mm i.d.) equipped with a pre-column (130mm
x 22mm i.d.). Both columns were packed with
Iatrobeads, (porous, beaded silica; pH 6.8, 60pm
particle size, 80A pore size, Iatron Laboratories,
Inc.). The solvent scheme used to fractionate the
sample at pump flow rates of 5-8 ml/min was
100% chloroform, 2%, 5%, 10%,15%, 25% and
50% methanol:chloroform, 100% methanol and
finally 15% water:methanol.

MOUSE BIOASSAY

Column fractions were evaporated to dryness
and brought up in methanol and dilutions made
up in 0.9% saline containing 1% Tween 20.
Toxicities were determined by injecting 0.25-
0.5m] of appropriate toxin concentrations in-
traperitoneally into female ICR mice weighing
¢.20g. Three mice were initially injected per dose
which was increased to at least 5 mice for doses
used to determine the LDso toxicity. Total
lethality is expressed in mouse units (MU),
defined as the LDso dose for a 20g mouse over
48hr.

CELL CULTURE

Rat pituitary tumor cells (GH4C1) were main-
tained at 37°C and 5% COz in Hams F10 nutrient
mixture supplemented with 2,5% fetal bovine
serum and 15% horse serum in the absence of
antibiotics (Hams F10+). The cells were passed
at weekly intervals to maintain their exponential
growth, for a maximum of 10 passages. These
cells were used in the cytotoxicity assay and
calcium uptake experiments.

CYTOTOXICITY ASSAY

Cytotoxicity was detcrmined by a modification
of the procedure of Mosmann (1983).GH4C; cells
were plated using 0.1ml Hams F10+ in 96-well
tissue culture plates at a concentration of 5.0x 10°
cells/ml. Column fractions were evaporated to
dryness and serially diluted in methanol. Dupli-
cate wclls of fraction-cell mixtures were then
incubated for 18hr at 37°C. For determination of
viability, 15wl of 3-(4,5 dimcthylthiazol-2-yl)-
2,5-diphenyl tetrazolium bromide (MTT, 5
mg/ml in PBS) were addcd to each well and the
cells incubated 4hr at 37°C. Mitochondrial
dehydrogenascs in live cells convert the MTT to
an insoluble formazan crystal. After incubation,
the cells were solubilized by addition of 10% SDS
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The toxin elution profiles for the 6 G. roxicus
clones processed on Iatrobeads were similar and
followed the solvent elution scheme. The first
fraction isolated from the latrobead column with
100% chloroform was unique in that it displayed
calcium flux activity, but was not toxic to mice or
GH4C cells. CTX eluted in the next 1-3 fractions,
2%, 5% and occasionally 10% methanol:
chloroform, inhibited PbTx binding, but did not
affect mice or display cytotoxicity. After 1 or 2
fractions with no activity, 10% and 15%
methanol:chloroform, MTX eluted with 25% and
50% methanol:chloroform and 15% water:
methanol. The MTX fractions had high cyto-
toxicity, calcium flux activity, but did not inhibit
PbTx binding on sodium channels receptors.

DISCUSSION

Dinoflagellates are generally considered sensi-
tive to stirring in culture displaying cellular
damage and reduced growth rates (White,1976;
Galleron,1976; Tuttle & Loeblich,1975). How-
ever, the agitation of the micro-carrier flask sys-
tem maintained G. toxicus in suspension without
any detrimental effect on its growth rate, and with
aeration, the pH of the medium stabilized during
the final growth phase and provided final yields
equivalent to Fernbach culture. Silicates which
dissolve off the walls and crystallize while
autoclaving seawater in borosilicatc bottles
(Brandetal.,1981) provided fine attachment sites
for the epiphytic G.foxicus in the medium. Aera-
tion supplied the carbon needed for growth and
also stabilized the pH in seawater by keeping it
from rising too high through the interaction of the
carbonate system with pH (Guillard & Keller,
1984). A pH-stat system (Goldman et al.,1982),
would provide finer control of the pH as well as
inorganic carbon for photosynthetic uptake. This
should produce higher biomass yields and the
reduction in creation of bubbles would also allow
culturing of dense mucoid producing cloncs.

The initial mass culturing of MQ2 was a
balancc betwcen using available incubator space
for growing inoculum and mass culturing vessels.
Because of this, inoculum size was limited to 500
cells/ml. By doubling the inoculum size of MQ2
in latcr studies, a 60% increase in the final yield
was achieved which would be expected to occur
with other clones if optimal inoculum were used.
Limited culturing (n=3) using 12 litre polycar-
bonate culture vesscls (Nalgene Corp.), with 18
litre working capacity, provided a 50% increase
in culturing capacity with the same biomass
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yield:medium volume ratio. The flasks occupied
the same space as the borosilicate micro-carrier
flasks, but were lighter and safer to handle.

It was critically important to filter and wash
each inoculum and harvest cells in mid-Log
growth phase while mass culturing. Neglect of
these parametcrs increased the bacteria load and
decreased growth vigor which resulted in reduced
biomass harvest. Phenotypic changes that oc-
curred during mass culturing that typified non-
compliance to these parameters were increased
mucoid production and adhesion of the cells to
the vessel walls.

Wet weight yields at harvest were empirically
related to the cellular volume of the clone.
Generally, the larger the clone, the greater
biomass produccd per wnit volume of medium.
Acclimation to in vitro culture parameters was
another determinate of biomass yicld. Sixteen of
the mass cultured clones were isolated less than
9 months previous to this study. G. roxicus can
take up to one year to acclimate to culture condi-
tions after isolation (Bomber et al.,1989). An
increase in final yields would be expected for new
isolates not yet acclimated to culture conditions.

The amount of CTX (purportedly) isolated
from clone MQ2 using size exclusion G-10
Sephadex, followed by CI18 reverse phase silica
columns was 500-fold more on a per cell basis
than previously isolated from this clone. How-
ever, previous separation of CTX from MTX was
with a silicic acid column and a step-wise elution
withchloroform and methanol (Tachibana, 1980),
a separation technique recommended for use in
ciguatera rcsearch (Anderson & Lobel, 1987). In
the prescnt study, the toxicity of CTX appeared
to be unstable to contact with unprotected silica
or the combination of silica and chloroform. This
would explain the loss of toxicity, but retention
of PbTx competitive binding activity when frac-
tionated on latrobeads. To test this possibility, a
sample of the CTX standard was fractionated on
latrobeads. CTX was collected apart from the
lipophilic, active calcium flux material using
stcp-wise 100% ecthyl acctate to 5% water/
methanol eluents. The CTX standard lost 50% of
its mouse toxicity and greater than 50% of its
cytotoxicity. A hypothesis for this observation
could be that CTX toxins exist in nature as
epoxides. Though possibly still toxic after such
an epoxide is opened, much of the toxicity would
be lost on silica which may facilitate epoxide ring
opening. Though only a hypothesis, the CTX
structurcs (and MTX) that are known, would
provide excellent sites for epoxide formation.
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